This article studies the changes in the co-movements of the twelve largest European equity markets after the 1987 international equity market crash. Tests based on Box M and principal component analysis indicate that the comovements of these equity markets changed significantly after the crash. Low correlations among national equity markets are often presented as evidence in support of the benefits of international portfolio diversification. The findings indicate that correlations among the twelve largest European equity markets and between these equity markets and the U.S. equity market increased substantially; therefore, the benefits of international diversification with these twelve European equity markets decreased considerably after the crash (JEL G15).
I. Introduction
Low correlations among national equity markets are often presented as evidence in support of the benefits of international portfolio diversification, e.g., Levy and Sarnat (1970) , Solnik (1974) , Watson (1978) , Meric and Meric (1989) , and DeFusco, Geppert and Tsetsekos (1996) . However, articles by Roll (1988) , Goodhart (1988) , King and Wadhwani (1990) , Hamao, Masulis, and Ng (1990) , and Malliaris and Urrutia (1992) document a significant increase in correlations between 1. See Ripley (1973) , Lessard (1974 and 1976) , Sharma and Kennedy (1977) , Haney and Lloyd (1978) , Watson (1980) , Maldonado and Saunders (1981) , Philippatos, Christofi, and Christofi (1983) , Meric (1989 and , and Kasa (1995) .
2. Since studying the effect of different holding periods is not an objective of this study, only monthly data are used. The studies mentioned in Footnote #1 also use only monthly data.
3. The A-D study covers three European, Japanese, and U.S. equity markets. The L-M study covers six European, two Asian, Australian, and U.S. equity markets. The L-K study covers seven European, three Asian, and two North American equity markets. national equity market co-movements during, and several months after, the 1987 international equity market crash.
The articles by Arshanapalli and Doukas (1993) (henceforth A-D), Lau and McInish (1993) (henceforth L-M), and Lee and Kim (1993) (henceforth L-K) determine that close co-movements between national equity markets continued 2-3 years after the crash. However, these articles cover a relatively short time period after the crash (A-D through May 1990 , L-M through December 1989 , and L-K through December 1990 . Whether the long-term co-movements of national equity markets changed significantly after the crash has not been investigated in previous articles. The objective of this article is to study the long-term co-movements of European and U.S. equity markets before and after the international equity market crash of October 1987. Our study covers a 76-month period after the crash, thus it permits us to determine if the changes in the co-movements of national equity markets after the crash are long-term changes.
The A-D, L-M, and L-K articles cover a short time period after the crash, A-D and L-M use daily data and L-K use weekly data to have a sufficient number of observations for their statistical tests. Previous articles investigating the long-term co-movements of national equity markets generally use monthly returns data.
1 In this article, we also use monthly data to study the long-term co-movements of European and U.S. equity markets before and after the 1987 crash. In this article, we focus on the comovements of European equity markets. Although a number of articles dealing with the co-movements of the world's equity markets are available, articles focusing solely on European equity markets are virtually non-existent. We also include the U.S. equity market in the study to be able to evaluate the changes in the portfolio diversification benefits for the U.S.-based investor after the crash.
In this article, we use a different methodology than that used in the A-D, L-M, and L-K studies. A-D use co-integration analysis to compare the time-series linkages between the world's largest equity markets before and after the crash. In this article, we focus on the contemporaneous correlation structure of returns with an aim toward evaluating the changes in international diversification benefits after the 1987 crash. L-M use Box's M statistics and L-K use factor analysis to compare the co-movements of international equity markets before and after the crash. In this article, we use both Box's M methodology and factor analysis to study the changes in the long-term co-movements of national equity markets. Unlike the A-D, L-M and L-K articles which only compare the precrash and post-crash periods, we study the long-term stability of national equity market relationships before the crash to show that, although the long-term co-movements of the markets changed significantly after the crash, there was long-term stability in the relationships before the crash.
This article is organized as follows: Section II describes our data and methodology. Section III compares the correlation coefficients and volatilities of the U.S. and twelve European equity markets before and after the 1987 crash. In Section IV, Box's M statistic is used to study the inter-temporal stability of the correlation matrix of equity market index returns before and after the crash. In Section V, principal component analysis is used to study the degree of harmony among the co-movements of the U.S. and twelve European equity markets before and after the crash. Our findings are summarized and conclusions are presented in Section VI.
II. Data and Methodology
The constant-dollar monthly equity market index returns used in the study are taken from Morgan Stanley Capital International Perspective (MSCIP) publications. The MSCIP index returns are published for the following twelve European countries since 1973: Austria, Belgium, Denmark, France, Germany, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland and the United Kingdom. Our study covers all twelve of these European equity markets. The U.S. index returns are also obtained from the MSCIP publications. The combined market capitalization of the companies included in the MSCIP indices represents approximately sixty percent of the total market value of all stocks traded in the equity markets of these countries.
We first use correlation analysis to compare the co-movements of the equity markets in the pre-and post-crash periods. Since all equity markets experienced unusually large swings during the crash month of October 1987, this month is excluded from the sample. Since we use 76 monthly observations for the post-crash period (November 1987 -February 1994 , the comparison is made with the 76-month period preceding the international equity market crash (June 1981 -September 1987 . The coefficient of variation of equity market index returns (i.e., standard deviation divided by mean return) is used to compare the volatilities of the markets before and after the crash. Box's M is a standard test statistic used in the multiple discriminant analysis (MDA) and multivariate analysis of variance (MANOVA) computer programs to test the equality of the variance-covariance or correlation matrices of different groups of observations. Box's M statistic is used in this study to test the hypothesis that the equity market index return correlation matrices of the 76-month period before the crash (Period II) and the 76-month period after the crash (Period III) are significantly different. To demonstrate that, although the co-movements of the markets changed significantly after the crash, they had long-term stability before the crash, Box's M statistic is also used to test the equality of the correlation matrices of the 76-month period immediately before the crash (Period II) and the 76-month period preceding Period II (February 1975 -May 1981 .
If the null hypothesis of equal correlation matrices for q groups of observations is true, then Box's M-statistic is given by
( )
n i is the number of observations for the i th group in the sample, C i is a p×p correlation matrix for the i th group, and N is the sum of observations for the q groups. The statistic C has a 2 distribution with p(p + 1)(q -1)/2 degrees of freedom.
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Principal component analysis is used to determine the degree of harmony in the co-movements of the markets before and after the crash.
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The monthly stock market index returns are used as input for the SPSSX-PCA computer program to obtain the principal components. To eliminate first-order serial correlation which could result in spurious inferences about the causes of equity market co-movements, principal component analysis is applied to the log-returns. The number of statistically significant principal components is determined by using Kaiser's significance rule. That is, principal components with eigenvalues greater than one are considered to be statistically significant.
Consider a set of variables (i.e., equity markets) X 1 , X 2 ,ä, X p measured on N observational units (i.e., monthly returns). Assume that the variables can be put together to form a linear combination:
which is referred to as the first principal component of the p variables.
The coefficients of are selected so as to
The A p can be determined from the sample variance-covariance matrix G xx by solving the following characteristic equation:
This equation has p ordered roots, the eigenvalues:
so that the variance explained by the first principal component is given by 1 /p. The variance explained by the second principal component is given by 2 /p, etc. With Kaiser's significance rule, n principal components are significant so that
III. Correlation Analysis
The matrix of correlation coefficients between the thirteen equity markets in the 76-month period immediately before the crash (Period II) and in the 76-month period after the crash (Period III) is presented in table 2. For comparison, the correlation coefficients for the 76-month period before the crash are shown in the lower diagonal-half of the matrix and the correlation coefficients for the 76-month period after the crash are shown in the upper diagonal-half of the matrix. The figures in the table show that the correlation coefficients are substantially higher in the post-crash period than in the pre-crash period. Seventy of the 78 correlation coefficients are higher in the post-crash period than in the pre-crash period. The most closely correlated and the least closely correlated equity markets in the 76-month pre-crash and post-crash periods are presented in table 3. The correlation coefficients for both the most closely correlated and the least closely correlated equity markets are considerably higher in the post-crash period than in the pre-crash period. Note: The lower diagonal-half of the matrix shows the correlation coefficients for the 76-month period before the October-1987 crash and the upper diagonal-half of the matrix shows the correlation coefficients for the 76-month period after the crash. The correlation coefficients of the U.S. equity market with the twelve European equity markets before and after the October 1987 stock market crash are shown in table 4. The figures in the table indicate that the correlation of the U.S. equity market with the twelve European equity markets increased substantially from the pre-crash period to the post-crash period. All correlation coefficients but the correlation coefficients with the Danish and Italian equity markets increased considerably from the pre-crash period to the post-crash period. The average correlation coefficient of the U.S. equity market with the twelve European equity markets increased from .31 in the pre-crash period to .4 in the post-crash period, an increase of 29 percent. 6 This increase in the correlation of the U.S. equity market with the European equity markets implies a decrease in international diversification benefits to U.S.-based investors with the European equity markets after the crash.
The average correlation coefficients of each equity market with the other equity markets for the 76-month pre-crash and post-crash periods are presented in table 5. For comparison, average correlation coefficients for the twelve European equity markets and for all thirteen equity markets are shown, separately. The figures in the table indicate that the average correlation coefficients of all equity markets increased substantially from the pre-crash period to the post-crash period. The average correlation coefficient for all thirteen equity markets increased from .37 in the pre-crash period to .5 in the post-crash period, an increase of 35.1 percent. The average correlation coefficient for the twelve European equity markets increased from .38 in the pre-crash period to .52 in the post-crash period, an increase of 36.8 percent. These statistics show that the co-movements of the thirteen equity markets have become much more harmonious in the post-crash period when compared with the pre-crash period. These findings also indicate a substantial decrease in portfolio diversification benefits with European equity markets for international investors after the 1987 crash. The coefficient of variation figures of the thirteen equity markets for the 76-month pre-crash and post-crash periods are presented in table 6.The figures in the table indicate that the volatilities of the markets increased substantially from the pre-crash period to the post-crash period. The average coefficient of variation for all thirteen equity markets increased from 3.71 in the pre-crash period to 7.86 in the postcrash period, an increase of about 111.9 percent. This suggests that, as an average, the thirteen equity markets are more than twice as volatile in the post-crash period than they were in the pre-crash period.
Although the volatilities of all the other equity markets increased considerably from the pre-crash period to the post-crash period, the volatility of the Danish equity market somewhat decreased in the postcrash period compared with the pre-crash period. The volatility of the Spanish equity market almost quadrupled in the post-crash period compared with the pre-crash period. Although the volatilities of the equity markets increased considerably from the pre-crash period to the post-crash period, correlations between them also increased substantially from the precrash period to the post-crash period. This implies that the markets have become more responsive to volatilities in the other markets after the crash because only volatilities in the same direction would cause high positive correlations between the markets.
IV. Inter-Temporal Stability of the Correlation Matrix
In this section of the article, we first test the hypothesis that the correlation matrix of the markets for the 76-month period after the crash (Period III) is significantly different from the correlation matrix for the 76-month period before the crash (Period II). Box's M statistics, the Fratio equivalents of these statistics, and the p-values showing the significance levels of these statistics are presented in table 7. For comparison, the tests are applied to the twelve European equity markets and all thirteen equity markets, separately. The test statistics in the table show that the correlation matrix of the twelve European equity markets for the 76-month period after the crash is significantly different from the correlation matrix for the 76-month period before the crash at the conventional five-percent level. The test statistics also show that the correlation matrix of all thirteen equity markets for the 76-month period after the crash is different from the correlation matrix for the 76-month period before the crash only at a nine-percent significance level.
To demonstrate that the long-term co-movements of the markets had stability before the crash, we also compare the correlation matrix of the 76-month period immediately before the crash (Period II) with the correlation matrix of the 76-month period preceding Period II (i.e., the correlation matrix of Period I). These results are also presented in table 7. The test statistics in the table show that the correlation matrices of Periods I and II are not significantly different. This indicates that there was inter-temporal stability in the long-term co-movements of the markets before the crash.
A comparison of the p-values for the pre-crash and post-crash intertemporal stability tests indicates that the correlation structure of equity market index returns changed substantially from the pre-crash period to the post-crash period. The p-value is .31 in the pre-crash test with the twelve European equity markets compared with only .04 in the postcrash test. The p-value is .52 in the pre-crash test with all thirteen equity markets compared with only .09 in the post-crash test.
V. Statistically Significant Principal Components
In this section of the article, we use principal component analysis to determine the number of statistically significant principal components in Periods I, II, and III. Since a detailed analysis of the co-movement patterns of the markets is not an objective of the article, the factor loadings of individual equity markets are not given. The number of statistically significant principal components in each time period (i.e., principal components with eigenvalues greater than one) and the percentage variance explained by the first principal component in each time period are presented in table 8. For comparison, the number of statistically significant principal components with the twelve European equity markets and with all thirteen equity markets are shown, separately. Although there are three statistically significant principal components with both samples in Periods I and II, there is only one statistically significant principal component with the European sample and only two statistically significant principal components with the complete sample in Period III . This shows that the co-movements of the markets are much more harmonious in Period III than they were in Periods I and II. With both samples, the first principal component, the most important principal component, can explain a greater percentage of the total variation in the index returns in Period III when compared with Periods I and II. This also indicates a greater degree of harmony in the co-movements of the markets in Period III when compared with Periods I and II. Like the correlation analysis results, the principal 7. Theodossiou et al. (1997) explore the time-varying behavior of the correlation of U.S., U.K., and Japanese equity returns during the 1984-1994 period by using the Kalman filter statistical technique within a multivariate GARCH model. They conclude that the contemporaneous correlations of returns in the three markets are not time-varying. They argue that increased co-movements in the stock indices that are observed after market corrections are due to changes in the covariance structure of returns rather than the correlation structure.
8. It is possible that some international equity portfolio investments flowing to nonEuropean equity markets may be seeking higher returns as well as better diversification.
9. See DeFusco, Geppert, and Tsetsekos (1996), Ratner, and Leal (1996) , Divecha, Drach, and Stefek (1992) , Harvey (1995) , and Aggarwal and Leal (1996) . component analysis results also suggest that the co-movements of the markets have become much more harmonious after the crash.
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VI. Summary and Conclusions
Low correlations among national equity markets are often presented as evidence in support of the benefits of international portfolio diversification. Our findings in this study indicate that correlations among the twelve largest European equity markets and between these equity markets and the U.S. equity market increased substantially; therefore, the benefits of international portfolio diversification with these European equity markets decreased considerably after the 1987 international equity market crash.
IMF Balance of Payments Statistics (1996) indicate that in 1989 there was $47.4 billion equity portfolio outflow from the twelve European countries covered in this study and $58.8 billion equity portfolio inflow to these countries, a net equity portfolio inflow of $11.4 billion. However, in 1994 these twelve European countries had $56.2 billion equity portfolio outflow and only $44.1 billion equity portfolio inflow, a net equity portfolio outflow of $12.1 billion. 8 Previous studies show that low correlation between emerging equity markets and between developed equity markets and emerging equity markets make emerging equity markets excellent prospects for international diversification.
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IMF Balance of Payments Statistics (1996) indicate that net equity portfolio inflow to emerging equity markets increased from $1.5 billion in 1989 to $16.9 billion in 1994. In a Wall Street Journal panel discussion, top U.S. international mutual fund managers indicate that an increasing portion of U.S. foreign equity portfolios is invested in emerging equity markets in recent years for (1993) show that the co-movements of national equity markets changed significantly after the 1987 crash. However, these studies cover a relatively short time period after the crash. Our study extends the A-D, L-M, and L-K studies by focusing on U.S. and European equity markets and by covering a longer time period after the crash. Our findings with Box's M tests show that there was inter-temporal stability in the long-term comovements of U.S. and European equity markets before the crash. However, this long-term stability changed significantly after the crash. Our correlation analysis and principal component analysis results indicate that the co-movements of U.S. and European equity markets have become closer after the crash reducing portfolio benefits.
